the flatworm Schmidtea mediterranea is an emerging model species in fields such as stem cell biology, regeneration and evolutionary biology. excellent molecular tools have been developed for S. mediterranea, but ultrastructural techniques have received far less attention. processing specimens for histology and transmission electron microscopy (teM) is notoriously idiosyncratic for particular species or specimen types. unfortunately, however, most methods for S. mediterranea described in the literature lack numerous essential details, and those few that do provide them rely on specialized equipment that may not be readily available. Here we present an optimized protocol for ultrastructural preparation of S. mediterranea. the protocol can be completed in 6 d, much of which is 'hands-off' time. to aid with troubleshooting, we also illustrate the major effects of seemingly minor variations in fixative, buffer concentration and dehydration steps. this procedure will be useful for all planarian researchers, particularly those with relatively little experience in tissue processing. is more prone to minor fixation artifacts than well-optimized HPF-FS approaches 16 . However, as described above, cryofixation techniques 7 have trade-offs of their own, and in our experience chemical fixation is quite adequate for most applications.
IntroDuctIon
The community of researchers studying the planarian flatworm S. mediterranea is growing rapidly, owing to the appeal of this species as a model organism in fields such as stem cell biology, regeneration research and evolutionary biology. Several excellent genomic, bioinformatic and molecular tools have been developed for this species, which greatly enhance its utility as a model organism [1] [2] [3] [4] [5] [6] . In contrast, high-quality histological and ultrastructural information is sparse for this and related species, although such data are essential to further our understanding of development, homeostasis and regeneration in normal and manipulated worms. Unfortunately, with few exceptions 7, 8 , journal space limitations seem to have constrained the description of methods used to prepare planarians for histological or electron microscopic examination. To the extent that published methods have been described, however, it is clear that there is little consensus about optimal ultrastructural techniques for S. mediterranea (see Supplementary Table 1 for a summary of methods described in the literature since 2010). As we have learned from experience, this leaves would-be planarian histologists or cytologists to face a great deal of unnecessary trial and error in their efforts to optimize conditions for these animals, which are not well preserved by standard methods used for traditional model species.
We are aware of only two reports in the literature that provide detailed methods for preparing planarians for analysis by TEM. One of these, by Salvenmoser et al. 7 , demonstrates superb tissue preservation in several species of worms by using a high-pressure freezing-freeze substitution (HPF-FS) approach to fixation. However, even though this technique has been used to produce beautiful results in asexual S. mediterranea 9, 10 , relatively few researchers have easy access to the specialized (and expensive) equipment it requires. Furthermore, the HPF-FS approach is restricted to smaller specimens (<200 µm in depth) 11 , which may preclude its use with larger planarians, such as sexually mature S. mediterranea. Salvenmoser et al. 7 do also describe techniques for chemical fixation that work well with some planarians, but not all-particularly not larger freshwater species. Indeed, we have not been able to obtain satisfactory results with S. mediterranea with their procedures. A more recent technique described by Rompolas et al. 8 is part of a larger collection of protocols for studying cilia in S. mediterranea. Understandably, given that cilia in this species are found only on epithelia in the body wall and pharynx, they provide no information about the quality of preservation of deeper tissues obtained with this technique. In addition, their technique is specifically tailored for use with a particular model of microwave tissue processor, which will not necessarily be available in individual laboratories or institutional core facilities.
The protocol provided here is intended for planarian researchers who want to add high-resolution, bright-field histology or TEM to their toolkits, regardless of their previous experience. The procedure we describe is based on chemical fixation, and it covers the fixation and embedding of specimens in epoxy (Epon-Araldite) resin, which can be subsequently sectioned and stained for histological or ultrastructural analysis. The protocol is, however, easily adaptable for use with other resins such as methacrylates, which are more suitable for histochemistry, immunostaining or in situ hybridization 12 . We have successfully used this protocol in previous work with S. mediterranea [12] [13] [14] and another freshwater planarian Procotyla fluviatilis 15 . In addition, the fixation steps of the protocol serve as our starting point for the preparation of specimens for scanning electron microscopy 15 .
The main advantages of our method are its simplicity and its utility for both superficial and deep tissues, even in large specimens, as no specialized items of equipment are required. One limitation of our approach is the time required for the processing of samples: 2-3 d for fixation and embedding, plus a further 3 d for resin curing, although much of this is hands-off time. This is less time than that required for freeze substitution, but it is slower than microwave processing, which permits completion of fixation and embedding in a single day. Another limitation is that the preservation of ultrastructure obtained via chemical fixation Primary fixation-formulation of the fixative. Of all the steps in tissue processing, primary fixation arguably involves the greatest number of variables, and hence the greatest number of potential pitfalls. Optimal fixation requires careful attention to a number of details, in particular fixative agents and buffer concentration.
Aldehyde fixative agents-glutaraldehyde and formaldehyde. No other chemical fixative rivals glutaraldehyde's capacity to cross-link proteins irreversibly into a stable network that preserves fine-structural features [23] [24] [25] . However, glutaraldehyde does have its limitations-for example, relatively slow penetration of tissues. Although formaldehyde is a weaker cross-linking agent than glutaraldehyde, it penetrates more rapidly and is believed to help stabilize deeper tissues until they can be fixed more permanently by glutaraldehyde [26] [27] [28] [29] [30] . In recent ultrastructural work with S. mediterranea, most researchers have used glutaraldehyde as the sole primary fixative (Supplementary Table 1 ), but we have found Figure 1 | Good fixation requires fresh glutaraldehyde and formaldehyde. This figure compares specimens fixed under different conditions but processed in parallel. They represent findings of two independent experiments, conducted with sexual and asexual strains, respectively. In each experiment, five worms were processed per fixation condition. Of these, at least two specimens were chosen for sectioning and imaging, by an investigator who was not involved in the processing steps. The distinctive features of each condition noted below were apparent in all sections of all specimens from that condition, unless otherwise noted. (a-c) Light micrographs of semithin (0.5 µm) cross-sections through large specimens of S. mediterranea. Sections were stained for 30 s with 1% (wt/vol) toluidine blue O in 1% (wt/vol) borax. (a) Specimen fixed with primary fixative as described in the PROCEDURE, using fresh aldehydes. Histological sections stained with toluidine blue in this way are more than adequate to describe tissue architecture at submicron resolution. (b,c) Specimens (asexual (b) and sexual (c)) fixed with primary fixative lacking formaldehyde, i.e., with 2.5% (vol/vol) glutaraldehyde alone. The use of glutaraldehyde as the sole primary fixative preserves tissue well enough that, and under the light microscope, specimens are essentially indistinguishable from those fixed with a mixture of glutaraldehyde and formaldehyde. Insets show magnified portions of the digestive tract, with dark blue secretory granules and phagosomes and greenish-blue lipid droplets. (d-h) TEM images of thin (70 nm) sections, stained for 2 min with lead citrate 51 . (d) Cytoplasm of a phagocytic enterocyte near the lumen of a sexual worm fixed as described in a. When the primary fixative includes both 2.5% (vol/vol) glutaraldehyde and 2% (wt/vol) formaldehyde, as in this case, mitochondria are consistently intact and well preserved in all sections and tissue types, as evident here. (e-h) TEM images of specimens fixed with glutaraldehyde as the sole primary fixative, as in b. Mitochondria in such specimens are often swollen or ruptured, to the extent that most fields of view exhibit at least one such mitochondrion (arrowheads). Such artifacts occur in diverse tissue types, in both sexual and asexual worms. that the aldehyde mixture produces noticeably better results than glutaraldehyde alone at the ultrastructural level, particularly for mitochondria ( Fig. 1 ; compare the specimen fixed in a mixture of both aldehydes in panel d with those fixed in parallel but with glutaraldehyde alone in panels e-h).
To obtain good results with aldehyde fixatives, it is important to be aware of some aspects of their chemistry. First, in aqueous solution, glutaraldehyde spontaneously forms a variety of cyclic and polymeric derivatives, particularly at warm temperatures and neutral-to-alkaline pH (refs. 26,31) . Polymerized glutaraldehyde penetrates tissues even less readily than monomeric glutaraldehyde 32 , which may result in poor fixation of deep tissues. The practical implications of glutaraldehyde's self-reactivity have been noted emphatically earlier 33 , but they are worth re-stating: one should purchase only distilled glutaraldehyde, store it cold (i.e., at −20 °C) and dispose of it after the manufacturer's suggested expiration date. (For examples of the results that we have obtained with aged glutaraldehyde, see Supplementary Fig. 1.) Because of glutaraldehyde's tendency to polymerize at neutral pH, buffered fixative solutions should not be prepared in large batches for storage and reuse.
Second, commercial preparations of formalin contain undesirable additives such as methanol; therefore, these should not be used as a source of formaldehyde for electron microscopy (EM). Instead, suitably pure solutions can be obtained by purchasing ampules of EM-grade, methanol-free stocks, or they can be prepared freshly by the hydrolysis (depolymerization) of paraformaldehyde in hot, mildly alkaline solution 27 .
Buffer vehicle and concentration. Good ultrastructural preservation depends on the fixative's pH and osmolarity, particularly during primary fixation. We use sodium cacodylate as a buffer, for both primary and secondary fixation. Although phosphate buffers are less toxic than cacodylate (an arsenic compound) and are often used successfully for ultrastructural fixation, they are prone to forming precipitates with divalent cations. Classic EM technique manuals strongly recommend adding calcium chloride to fixative buffers as a membrane-stabilizing agent 16, 33 . Therefore, we have been inclined to use cacodylate rather than phosphate, although the latter may well give acceptable results. An added advantage of cacodylate is the general inhibitory effect of arsenic compounds on metabolic processes, which may help reduce autolytic processes during fixation 34 .
Fixative osmolarity is primarily determined by the concentration of buffer salts, as aldehyde fixative agents themselves have little osmotic effect 26, 30 . Therefore, buffer concentration is a crucial (but often underappreciated) variable affecting fixation quality. Recently published articles on S. mediterranea almost universally report the use of 0.1 M buffer solutions with 2.5% (vol/vol) or higher glutaraldehyde (Supplementary Table 1) , despite some recommendations to use lower buffer concentrations when fixing freshwater planarians 7, 35 . In our experience, however, 0.1 M cacodylate buffer is far too hypertonic for optimal tissue preservation. Figure 2 demonstrates that optimal fixation requires a buffer concentration closer to 50 mM; even fixatives buffered with 77.5 mM sodium cacodylate are sufficiently hypertonic to substantially alter the structure of surface and deep tissues. When washing specimens after fixation, we increase the buffer concentration somewhat, which is a practice that has been suggested to compensate for the reduced osmolarity of the (glutaraldehyde-free) wash buffer 23 .
Secondary fixation (osmication).
Lipid-rich structures (including membranes) are not well preserved by aldehydes, necessitating a secondary fixation step, for which osmium tetroxide (OsO 4 ) is the fixative of choice 25 . Stabilization of lipids by OsO 4 also results in localized deposition of reduced osmium, an electron-scattering element that enhances the contrast of such structures under the electron microscope. OsO 4 can also help to stabilize proteins, but it is important to realize that this effect reverses with prolonged incubation, leading to hydrolysis and extraction of proteins in subsequent washes and dehydration steps 26, 27 . Therefore, although osmium is a slowly penetrating fixative that requires time to reach the interior of a specimen, secondary fixation should not be allowed to continue for too long, as this will counteract the work previously done by the primary fixative. Secondary fixation is less crucial for specimens that are to be used exclusively for light microscopy, as membranes are too thin to be resolved by light microscopes. In fact, given that osmication may interfere with some histological and cytochemical stains 36 , it may be best to omit these steps for histochemical studies. However, if sections are to be stained only with a generaloverview stain such as toluidine blue, then secondary fixation remains worthwhile, as S. mediterranea and related flatworms possess an abundance of large lipid droplets in their digestive systems (Figs. 1a-c and 2f-g ). Unless such structures are well fixed, they will be extracted during subsequent dehydration steps, which could in principle cause distortion of the surrounding tissues.
In our previously published studies involving TEM 12,14,15 , we have included an additional incubation with uranyl acetate after secondary fixation, for additional fixation and contrasting 30 . However, our protocol, as described here, provides excellent fixation and sufficient contrast without any use of uranium salts. Thus, it seems preferable to omit such steps, owing to the radioactivity and toxicity of uranium.
Dehydration. Embedding specimens in an epoxy resin requires the removal of water, as epoxies are not water-miscible. Our protocol follows a fairly standard version of this process, using a graded series of ethanol solutions followed by acetone. Because dehydrating solvents are less polar than water, they tend to extract lipids from specimens. The challenge in dehydration, then, is to ensure the thorough removal of water while minimizing the extraction of lipids. As such, it would seem sensible to minimize the time that specimens spend in dehydrating medium, as well as to conduct dehydration at low temperatures 30, 37 .
Few TEM studies of planarians provide details about incubation times or temperatures used for dehydration (Supplementary Table 1 ), but those that do mostly mention rapid and/or cold techniques 10, 38 , or warn against dehydration at ambient temperature 7 . In addition, one of us (J.L.B.) has successfully used a rapid, cold procedure for processing annelid worms 39, 40 . We therefore began our trials with S. mediterranea by dehydrating specimens through a graded series of ethanol dilutions, over 10 min at −20 °C. Surprisingly, we found that this rapid, cold initial dehydration led to greater extraction of the contents of lipid droplets than a more gradual procedure carried out at room temperature (22 °C), described in the detailed protocol that follows. Figure 3 illustrates the extraction of lipids from specimens initially dehydrated by the rapid, cold technique (compare with specimens in Figures 1, 2 and 4, which were dehydrated in parallel by the longer, room-temperature method).
Infiltration, embedding and curing. For specimens to be sectioned, they must be infiltrated with a medium that can be solidified, which embeds the tissue in a supportive matrix. The medium that is used can be a frozen aqueous solution (for cryosectioning), molten wax that is allowed to cool and crystallize (for traditional paraffin sectioning) or an organic resin that is solidified by polymerization or curing (cross-linking) to form plastic. All three media have their advantages in certain applications, This effect is most noticeable in the lipid droplets that are abundant in the digestive tract of the worm, giving it a frothy appearance. (In the comparative experiments described in Figure 1 , all specimens dehydrated by the rapid, cold method exhibited such features). The large space indicated by an asterisk (*) is the gut lumen, the wall of which was ruptured by mechanical damage, rather than fixation or dehydration (see c and d, which illustrate the blue-and red-boxed regions, respectively).
(b) Transmission electron micrograph of a 70-nm section adjacent to the area enclosed by the black box in a. At this magnification, a thin rim of unextracted lipids, stained dark by OsO 4 , can be seen. Inset shows lipid droplets in a similar region of the digestive tract from a specimen dehydrated by the gradual, room-temperature method described in the protocol. All specimens dehydrated gradually at room temperature exhibited such full droplets (Fig. 1a-c) . Arrows indicate some of the many phagosomes present (phg). The apparent shrinkage or condensation of electron-dense materials evident in larger phagosomes was found in similar structures in all worms, and it is not due to the dehydration process used here. (c,d) Mechanical damage: partial tearing of the surface layer of the pharyngeal cavity. A thin layer of epithelial tissue normally covers the lumenal surface of the body wall around this cavity. In this specimen, such tissue is present over the dorsal surface of the cavity (c, white arrowheads), but it is missing from the lateral surface (d, black arrowheads). Some tissues underlying the surface layer also appear to have been torn away, such as part of the gut epithelium (a). This suggests mechanical damage to the specimen, probably during primary fixation at the cutting step (Step 5). Scale bars, 100 µm (a); 10 µm (b; full panel and inset); 25 µm (c,d).
but plastic resins are the only choice for routine TEM, as waxes cannot withstand the electron beam, and cryosections are only stable in specialized electron microscopes with ultracold specimen chambers.
There are several types of plastic resin, but two in particular are widely used: methacrylates and epoxies. Methacrylates are more permeable to most stains than epoxies, and in some cases (methyl and butyl methacrylates) they can even be removed from sections after they have been cut and collected on glass slides 36, [41] [42] [43] [44] . For these reasons, methacrylates are generally preferable for lightmicroscopic histochemical and immunohistochemical studies, in which stainability and permeability to enzymes and immunological reagents is crucial. Epoxy resins, in contrast, have superior sectioning properties. They also cross-link with and preserve tissue components, and they are far more stable than methacrylates under bombardment by high-energy electrons 18, 45 . Thus, epoxies are the resins of choice for routine TEM studies. Although less permeable to most stains than methacrylate sections, semithin epoxy sections mounted on microscope slides can readily be stained with a handful of agents, including toluidine blue. Thus, epoxy resins can still be very useful for light-microscopic histology, particularly when high-resolution structural information (rather than obtaining data on chemical composition) is the primary goal.
The protocol given here uses a mixture of two epoxy resins: Epon 812 (more precisely, EMbed 812) and Araldite 502. Such mixtures combine the beneficial characteristics of each individual resin, and thus they are more commonly used than single resin components 18, 46 . Spurr's resin is a popular alternative to Epon and/or Araldite, preferable in some applications for its lower viscosity and superior ability to penetrate tissues, particularly for specimens with cell walls, such as fungi, plants and bacteria 22 . Epon/Araldite mixtures, however, are less volatile and toxic than Spurr's, and they generate superior contrast for TEM imaging and are adequately fluid and penetrative for use with animal tissue 22, 37 .
MaterIals

REAGENTS
S. mediterranea strains: sexual strain (hermaphroditic) 47 , maintained in 0.75× Montjuic salts (see Reagent Setup); asexual strain 48 4 ). To 15.5 ml of EM buffer, add 2.5 ml of 16% (wt/vol) formaldehyde and 2 ml Epon-Araldite resin mixture Measure the following ingredients into a disposable beaker, either volumetrically using 60-, 30-and 3-ml syringes or by mass 46 (except for BDMA, the components are too viscous for easy pipetting). 15 ml of Araldite 502 (16.95 g at 1.13 g/ml); 25 ml of EMbed 812 (Epon 812) (28.25 g at 1.13 g/ml); and 55 ml of DDSA (55.28 g at 1.005 g/ml). Stir thoroughly, then add 3 ml of BDMA (measure volumetrically). Again, stir the mixture thoroughly. The resin mixture will change color from pale yellow to orange. Once the mixture looks absolutely uniform, let it sit until no bubbles remain. Prepare sufficient resin for the whole procedure (~8 ml per specimen vial), to ensure that all solutions used for infiltration and embedding draw from a consistent batch. The resin mixture will gradually harden in a temperature-dependent manner; therefore, if some of the mixture will not be used within a few hours, it should be stored in the refrigerator, where it will remain useable for up to 2 d. ! cautIon Epon and Araldite are toxic (although not as volatile as some epoxy resins), and they are known to cause contact sensitivity on skin. 
1|
Transfer the worms from their culture vessel into a 60-mm Petri dish with just enough planarian water (Montjuic salts) to cover the animals. Unless there are experimental reasons for using recently fed worms (as in a study of histological changes associated with feeding), we prefer using worms that have not been fed for 5-7 d. Place the dish with worms on ice until the worms stop moving and stretch. For novices, it is best to work with a single worm at a time.  crItIcal step Prolonged exposure to cold may kill S. mediterranea. If you will be processing several worms, take care to avoid chilling any individual worm before fixation for more than 15 min. ? trouBlesHootInG
2|
Once the animals are still and stretched, gradually aspirate all of the water.  crItIcal step Do not move the dish, or aspirate water too quickly, to prevent startling the worms-they will react by contracting.
3|
With the dish still on ice, gently and slowly flood the animals with sufficient primary fixative (~5 ml, see Reagent Setup) to cover them fully. Carefully swirl the dish, or gently move the worm around it, to prevent the worm from sticking to the bottom. If the worms startle upon the addition of fixative, they should relax and extend again within a few seconds, as they die. ! cautIon Formaldehyde, glutaraldehyde and cacodylate are volatile and toxic. Work in a fume hood with appropriate personal protective wear and dispose of all solutions and contaminated pipettes, tips, dishes and vials according to institutional regulations.
4|
Allow the worm to fix in the dish without disturbance for 10-20 min. The shorter time is sufficient for worms up to 8 mm long; add roughly 1 min per millimeter of length above 8 mm.
5| If the worm is large (>5 mm in length), cut it into pieces of 3-4 mm in length. Cutting large worms before fixation may initiate a wound response that perturbs local tissues. The initial fixation of worms described in the previous step avoids this response, and it ensures that the full cut surface will be open to penetration by the fixative. Use a scalpel with a rounded end and cut across the worm with a rocking 'guillotine' motion (supplementary Fig. 2a) .  crItIcal step Work with a stereomicroscope to aid precision. At this stage, the internal tissues of the worm will still be quite fluid, and compression of the worm's body will squeeze the parenchymal tissue, potentially altering the associations of internal organs and tissues.  crItIcal step Avoid sawing or lateral movements of the scalpel, as these can pull on tissues and cause tearing at sites distant from the cut (Fig. 3c,d ).
6|
Immediately after cutting, transfer the worm pieces into 4-ml glass sample bottles containing 3 ml of prechilled primary fixative, on ice. If specimens have been cut into pieces that will need to be distinguished later, use separate vials for each body region, as secondary fixation (osmication) of the specimens will turn them entirely black; it is very difficult to distinguish between heads and tails after osmication.
7|
Allow the specimens to fix at 4 °C (in a refrigerator, cold room, or on ice) for 4 h, with gentle agitation (~100 r.p.m.) on an orbital shaker.
8|
Wash the specimens by aspirating the primary fixative with a disposable Pasteur pipette, and by replacing it with ample (2-3 ml) nonchilled EM buffer. Incubate the specimens for 10 min on an orbital shaker set to ~100 r.p.m. Repeat this step for a total of two 10-min washes. ! cautIon The cacodylate in the EM buffer is toxic. Use the same precautions as with primary fixatives.
secondary fixation • tIMInG 2 h 9| Replace the EM buffer with the secondary fixative (OsO 4 solution). Incubate the specimens for 90 min on ice, protected from light, with gentle agitation (~100 r.p.m.). The specimens will turn solid black-this is normal, and an indication that the OsO 4 is performing as expected. ! cautIon The secondary fixative contains OsO 4 , which is highly toxic and volatile. Osmium vapors will damage the tissue-particularly mucous membranes and eyes-on contact. Conduct all manipulations and incubations in a fume hood, by wearing personal protective equipment. OsO 4 vapors will also coat equipment surfaces, leaving a black residue as the osmium is reduced. Waste solutions of OsO 4 should be pipetted into a container half-filled with corn oil in order to reduce the compound to metallic osmium, which is safer to store and dispose of (again, according to institutional regulations). Contaminated pipettes or tips should be disposed of in a suitable lidded waste container (e.g., a wide-mouth polyethylene tub).
? trouBlesHootInG 10| Wash the specimens with EM buffer twice for 10 min, as described in Step 8. ! cautIon Continue to use appropriate precautions for working with OsO 4 when working with and disposing of the washing buffer.  crItIcal step Specimens will be brittle and prone to crumbling if they are pressed or squeezed after this step; avoid touching them directly or pipetting them vigorously during subsequent manipulations. ? trouBlesHootInG  pause poInt After the final incubation, the samples may be left overnight at room temperature without adverse consequences.
Dehydration and transitioning to resin-miscible solvent
15|
Carefully transfer the specimens into wells of a 24-well tissue culture plate, each containing at least 1 ml of resin mixture. Use a wide-bore pipette (e.g., a Pasteur pipette with part of the tip cut off) and be careful to avoid carrying over any more resin/acetone mixture than necessary. We prefer using disposable plasticware, as washing and reusing materials that have contained resin is impractical. The resin mixture (without acetone) will not etch polystyrene.
16|
Allow the specimens to infiltrate for ~6 h at room temperature with gentle rocking. (If a rocking platform is unavailable, an orbital shaker set at ~40-50 r.p.m. will serve.) Specimens will slowly sink to the bottom of the wells as they infiltrate. The resin will gradually thicken at room temperature, so we advise against continuing this step for too long (i.e., do not leave it overnight).
placing specimens in molds • tIMInG 2-5 min per specimen 17| Fill embedding molds with resin mixture. We add paper specimen labels to the molds at this point, submerging them to the bottom of a flat mold before putting the specimens into the molds. Use labels printed with pencil or laser-printer/photocopier toner, as the ink will be dissolved by the resin.
18|
Whittle the tip of a wooden applicator stick to make a flat, blunt end; it should be similar to, but a bit thinner than, the fat end of a flat toothpick (supplementary Fig. 2b ).
19| Use the applicator stick like a mini-spatula to coax a specimen (Step 16) to the surface of the resin. From there, the specimen can be picked up in a small droplet on the end of the spatula. To minimize carryover of residual acetone that may remain in the infiltration resin, transfer this drop onto a clean square of Parafilm as an intermediate step, and then use a corner of the applicator stick to pick up the specimen in a minimal amount of resin.
20|
To transfer the specimen to an embedding mold, touch the surface of the resin in the mold with the specimen on the tip of the applicator stick. The specimen should sink into the resin.
21|
Orient the specimen as desired. Orienting the specimen in such a way that its dorsal and ventral surfaces are not parallel to the bottom of the mold is very difficult, but clever techniques for accomplishing precise orientation have been described in the literature 22, 50 .
? trouBlesHootInG resin curing • tIMInG 72 h 22| Repeat Steps 19-21 with the remaining specimens, and then place the mold(s) on a level surface in an incubator or oven set at 60 °C.
23|
Allow the resin to cure for 72 h to ensure that it has fully hardened. Err on the side of longer curing times rather than briefer times. We find blocks to be a bit soft after 48 h, whereas longer periods of curing (4-5 d) do not result in brittleness.
After removing the molds from the oven, the blocks may be slightly flexible while they are warm, but they should feel hard as glass once they have cooled to room temperature (they are not actually hard as glass, but they should feel that way 
antIcIpateD results
Fixation should preserve ultrastructural details from the surface to the interior of the worm. Well-fixed specimens should be free from artifactual spaces or cavities, with cells in epithelia closely apposed to each other. Membranes should exhibit no discontinuities and mitochondria should be intact and free of swellings. Lipid droplets should be full and of uniform density. Examples of various tissue types and organs fixed by our procedure are shown in Figures 1a,d, 2a Even the best chemical fixation is not entirely without flaws. Compared with fixation by high-pressure freezing followed by freeze substitution, membranes of chemically fixed specimens tend to be less smooth 7, 16 . One particular difficulty in S. mediterranea is the dorsal epidermis, owing to its large mucous-filled rhabdoids. These granules discharge explosively, and they may do so in response to the stress of being immersed in fixative, resulting in distortion of the epidermis (Fig. 5) . In any given specimen, however, at least some regions of the dorsal epidermis are likely to remain in good condition. autHor contrIButIons All authors helped to conceive the project. A.P.V. optimized the protocol and prepared most of the specimen blocks from which the images in this paper were obtained. J.L.B. sectioned and imaged the specimens, and drafted the manuscript. All authors helped to revise the manuscript and approved the final version.
